Abstract. The mono -mobile mechanical systems are composed of an active modular group and one or more passive modular groups (dyad, triad etc.). To calculate the kinematic parameters of active modular groups there can be used methods such as the contour method, matrix method, grapho-analytical method, graphics method etc. In the case of solving the positions of the complex mechanisms as a whole, systems with a large number of equations, usually non-linear, are obtained. For solving these systems of equations the function matrix of the system is required, the matrix, which elements are obtained in a numerical or analytical way. The number of equations is very large, and the size of the functional matrix is very large, which leads to a large number of operations to obtain the inverse matrix. This paper presents a procedure for the kinematic analysis of an active modular group motor tetrad RRR-Ta-RRR type. To calculate the kinematic parameters (positions, angular velocities and accelerations) the contour method is used. The active modular group RRR-Ta-RRR has two independent kinematic contours, making it particularly effective in operating various mobile mechanical systems. The kinematic performances of the mechanisms, in which this modular group is found, are very high, the numerical solution of the system of non-linear equations of positions is simple, the convergence is rapid and the calculation precision desired can be controlled very easily. As examples of the use of active modular group RRR-Ta-RRR or other active modular groups (motor dyad, motor triad) can be mentioned: actuation of various lifting systems (actuating mechanism of a crank with articulated bars, actuating mechanism of a crank with articulated bars and gears), actuation of different folding tables, actuation of the gripping mechanisms used in industrial robots, etc.
Introduction
The main objective of this paper is to present the procedure for calculating the kinematic parameters of an active modular group. The active modular group is used to activate the mechanical systems. The equations for kinematic analysis of the active modular group RRR-Ta-RRR [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] are written using the contour method [8] . As an example of calculation a lifting mechanism is analyzed, which has in its structure a motor tetrad and two RRR types. For kinematic analysis of the mechanism we used calculation procedures written by the authors in the MATLAB syntax. To create a clearer image how the mechanism works, the authors of the paper have also compiled animation computational procedures, and this animation has led to the theoretical data being confirmed. Figure 1 presents the active modular group named motor tetrad [5-9;12] . The active modular group RRR-T a -RRR, formed by five mobile elements and seven lower joints, has one degree of mobility.
Materials and methods
To calculate the kinematic parameters of this active modular group the following are known: the length of all kinematic elements, positions, velocities and accelerations of points A, D, G and the approximate coordinates of joints B, C, E and F. (Table 1) [5-9;12] . Table 2 , the dependent kinematic parameters that will be determined are presented [5-9;12] . 
Analysis of the positions of active modular group RRR-T a -RRR
The vector equations [5, 6, 7, 8, 9, 10] :
are projected on the axis of the coordinate system and the following four non -linear equations are obtained: 
The unknowns of the system of equations (2) are φ 1 , φ 2 , φ 3 and φ 4 .
To solve the non-linear system of equations (2) the iterative Newton-Raphson method is used starting from the given initial solution.
The functions of the non -linear system of equations (2) are: 
The system solution at the (i + 1) iteration has the form: 
where 
represents the matrix of the partial derivatives of the system functions in relation to the parameters φ 1 , φ 2 , φ 3 and φ 4 .
The initial solution is:
where XB, YB, XC, YC, XE, YE, XF, YF are the approximate coordinates of internal joints B, C, E and F. The iterative process stops, when the difference of two consequently calculated solutions is smaller than ε (imposed value) meaning:
Analysis of the velocities of active modular group RRR-T a -RRR
The system of position equations (2), with respect to the time, is derived and the following system is obtained [5-9;12] : 
where
The system of equations (7) is linear and it has the unknowns
Analysis of the accelerations of active modular group RRR-T a -RRR
Through derivation of the system of velocity equations (7), with respect to the time, the system of acceleration equations is obtained [5-9;12] :
with the following unknwons The solution of the system of equations (10) is:
In Figure 2 the kinematic scheme of a crank with the motortetrad is presented. 
Fig. 2. Kinematic scheme of crank with motor tetrad
In Figure 3 the structural scheme corresponding to the mechanical system from Figure 2 is presented. The structural model has a binary element for the frame and it is composed by the RRR-T a -RRR active modular group and two passive groups of RRR dyad type. In Figure 4 the multipolar scheme corresponding to the structural scheme from Fig. 3 is presented. The actuating pair (F) is drawn as a black dot.
Results and discussions
To determine the kinematic parameters of the mechanism elements, the following data were considered: AB = 0. Table 3 . The values for the angular velocities of the links 1, 2, 3 and 4 (5) are presented in Table 4 . The values for the angular accelerations of the links 1, 2, 3 and 4 (5) are presented in Table 5 . The variation of the kinematic parameters of the mechanical system is presented in Figure 5 . 
Conclusions
The paper presents a procedure to calculate the kinematic parameters (positions, angular velocities and accelerations) for the active modular group named motor tetrad RRR-T a -RRR using the closedloops method. Then, the kinematic analysis of a crank actuated by motor tetrad is presented. For the crank the structural and multipolar schemes and values of the kinematic parameters are presented.
The active modular group RRR-T a -RRR can be used to actuate some mechanical systems, such as industrial machines and mechanisms, agricultural machinery etc.
The kinematic analysis of the mechanism in Figure 2 was done with the data obtained from the synthesis of the mechanism, so that the points M and N would move vertically for a certain distance required.
The kinematic analysis of the mechanism precedes its kinetostatic analysis, namely, determination of the reaction forces in the kinematic couplings and the driving force of the hydraulic cylinder, which will be done in the next research. 
